To investigate whether patients with central serous chorioretinopathy (CSCR) have increased risk of coronary heart disease (CHD). Methods Population-based retrospective cohort and case control study. Longitudinal data from the Taiwan National Health Insurance Research Database (2000Database ( -2009 were analysed. The study cohort comprised 835 patients with a diagnosis of CSCR and 4175 age and gender matched patients without CSCR. Kaplan-Meier plots and log-rank tests were used to compare differences in the hazard rates of CHD between the CSCR and non-CSCR cohorts. Stratified Cox proportional hazard models were applied to examine the association between CSCR and CHD, adjusting for potential confounding factors. Results The 5-year CHD cumulative incidence for patients with CSCR was nearly twofold that of the non-CSCR cohort (6.12% vs 3.29%, p=0.004) from the logrank test. The adjusted CHD HR of CSCR versus non-CSCR was 1.61 (95% CI 1.12 to 2.30, p=0.009) from the Cox model. Specifically, the HR for male patients was 1.72 (95% CI 1.14 to 2.59, p=0.010) and for female patients it was 1.34 (95% CI 0.64 to 2.84, p=0.438). Conclusions Male patients with CSCR had a significantly higher CHD rate than those without CSCR, indicating that CSCR may be a potential risk factor for the development of CHD for men.
INTRODUCTION
Central serous chorioretinopathy (CSCR) is a maculopathy that is often observed in middle-aged male patients. CSCR typically presents as a serous neurosensory detachment at the posterior pole. Imaging studies on indocyanine green angiography have shown that patients with CSCR have delayed choroidal filling.
1 Elevated serum plasminogen activator inhibitor 1 (PAI-1) levels were also observed in these patients. 2 3 These results indicate that an imbalance between coagulation/coagulysis may predispose patients to choroidal vasculopathy in CSCR. Coronary heart disease (CHD), a thrombotic vascular disease of the heart, is a disease that is often observed in men over 45 years of age and in women over 55 years of age. Elevated serum levels of PAI-1 and PAI-1 gene polymorphism were reported to be associated with CHD. [4] [5] [6] [7] In addition to circulation abnormalities, factors that are associated with increased risk of CSCR and CHD include personality A-type 8 9 and male sex. 10 Although several common predisposing factors are observed in CSCR and CHD, no study has reported on the association between these two diseases. In this study, we aim to study the relationship of CSCR and CHD with a national population-based dataset from Taiwan National Health Insurance (TNHI). This dataset includes de-identified secondary data released for research purposes. This study was approved by the Changhua Christian Hospital Institution Review Board.
MATERIALS AND METHOD Data collection and management
The TNHI programme was initiated in 1995. Since then, medical records of more than 95% of Taiwan's hospitals contracted with TNHI were included in the database. The coverage rate of the programme increased from 92.4% in 1995 to >96% in 2000. About >98% of the population in Taiwan were covered by health insurance after the inclusion of the military forces in 2001.
One million residents of Taiwan who were enrolled in TNHI in 2005 were randomly selected by the National Health Research Institute (NHRI). Their healthcare records were analysed in this study. The sample comprised almost 4% of Taiwan's population, and was re-sampled by NHRI to confirm its structural resemblance to the general population with respect to gender and age.
Demographic variables such as age, gender, diagnosis date and monthly income were also itemised. All cases in the database were counted only once. Before analysis, the temporal consistency between birth dates, diagnosis dates and clinical visits of each patient were checked to ensure data accuracy.
Statistical analysis
A sample of 597 063 adults aged from 20 to 64 in 2000 who were selected from the TNHI database were considered in this study. The CSCR cohort consisted of those who had been diagnosed with CSCR, and the remainder made up the non-CSCR cohort. Only patients with at least two clinical visits classified as ICD code 362.41 were included in the CSCR cohort to ensure the accuracy of diagnosis. Patients with preexisting CHD ( prior to CSCR diagnosis) were excluded. After further excluding those with degenerative myopia, uveitis, diabetic retinopathy, branch retinal vein occlusion, age-related macular degeneration, Harada disease, malignant neoplasm of the choroid, and those who had suffered from toxaemia during pregnancy, 815 patients with CSCR were included in the analysis.
Each patient with CSCR was matched with five patients who were randomly selected from the non-CSCR cohort to form a matched control group. Each patient with CSCR and corresponding Editor's choice Scan to access more free content control patients were followed from CSCR diagnosis until either CHD diagnosis or censorship (ie, no longer included in the TNHI programme for any reason or reached the end of 2009). Kaplan-Meier plots and log-rank tests were used to compare the CHD-free survival rate between CSCR and non-CSCR cohorts. Stratified Cox proportional hazard models (with matched age and gender) were fitted by adjusting for the patient's monthly income and diabetes mellitus (DM), hypertension, hyperlipidaemia and steroid usage to further study the effects of CSCR on CHD risk. Steroid usage is a binary variable and a user was defined as a person who had at least three clinical visits with prescription of glucocorticoids within the 12 months prior to any diagnosis of CHD. Note that for the survival analyses, patients with CHD diagnosis prior to CSCR diagnosis were excluded, using the diagnosis date of CSCR as the baseline for CSCR and its matched control. We treated all 815 patients with CSCR as the case group, and the 4075 patients without CSCR as the control group. We used conditional /logistic regression to examine if preexisting CHD is a risk factor of CSCR.
Similar to CSCR, the diagnoses of CHD, DM and hypertension were confirmed by at least two clinical visits. Data management and analyses were carried out using Statistical Analysis System (SAS) V.9.3.
RESULTS
Among the 815 patients with CSCR, 603 were men and 212 were women. Table 1 presents the distribution of demographic characteristics and selected disorders such as hypertension, DM, hyperlipidaemia and CHD for the CSCR and the comparison groups. A higher monthly income was associated with higher risk of CSCR ( p=0.007). Steroid usage was also highly associated with CSCR ( p<0.0001). The CSCR and the control cohorts shared the same age-gender distribution because the selection of the comparison cohort was matched by age and gender.
After excluding 41 patients with CHD diagnosis prior to CSCR diagnosis (along with fivefold corresponding matched controls), 774 patients with CSCR and 3911 without CSCR were used in the survival analysis, and 83 and 286, respectively, had CHD diagnosis during the follow-up. The median, range and inter-quartile range of the follow-up time for the CSCR group were 4.7, 10 and 4.5 years, and those for the non-CSCR group were 4.7, 10 and 4.6 years, respectively. Figure 1 presents the results of the Kaplan-Meier analysis of CHD. The unadjusted 5-year CHD rate for patients with CSCR was nearly two times greater than that for those without CSCR (6.25% vs 3.24%) with a p value of 0.002 from the log-rank test. Table 2 illustrates the overall adjusted hazard rate ratios (HRRs) of CHD, which were obtained from age-gender stratified Cox's proportional hazards regressions. After adjusting for the patient's monthly income, urbanisation level, steroid usage, status of disease such as DM, hypertension and hyperlipidaemia, the overall adjusted CHD HRR for patients with CSCR versus those without CSCR was 1.61 (95% CI 1.12 to 2.30, p=0.009). The age-gender-specific Cox models in table 3 further indicate that the risk of CHD was higher for male patients with CSCR with an adjusted CHD HRR of 1.72 (95% CI 1.14 to 2.59, p=0.01) than for male patients without CSCR. By contrast, the risk of CHD for female patients was not significant. More specifically, the adjusted CHD HRR for younger male patients with CSCR versus those without CSCR (age<40) was 2.66 (95% CI 1.02 to 6.91, p=0.045), whereas for older male patients the results were less significant ( p=0.06).
The result of conditional logistic regression in table 4 does not suggest that pre-existing CHD was a risk factor for CSCR after adjusting for income, urbanisation level, steroid usage, DM, hypertension and hyperlipidaemia.
Each patient in the control group was randomly sampled from the non-CSCR cohort who matched the age and gender of a patient from the study cohort. We repeated this sampling scheme twice to confirm the results. The results from both trials were very similar to those reported above.
DISCUSSION
The correlation of CSCR and systemic cardiovascular disease has been reported in various studies. Tittl et al 11 reported that CSCR is a risk factor for hypertension. However, Kitzmann et al 12 claimed that hypertension is not a significant risk factor for CSCR. Haimovici et al 13 reported that uncontrolled systemic hypertension, instead of hypertension, is a risk factor for CSCR. An increased incidence of stroke has been reported in patients with CSCR by Tsai et al. 14 In their study, after adjusting for other confounding factors, CSCR is reported to be an independent risk factor for stroke. Tittl et al 11 studied the correlation between CHD and CSCR, in which logistic regression analysis results revealed that CHD is not a statistically significant risk factor for CSCR. The results from the present study are in accordance with their results. However, for the reversed causal relation, the Cox regression analysis results in our study show that after adjusting for DM, hypertension and hyperlipidaemia, CSCR is potentially an independent risk factor for CHD development ( p=0.009, HRR 1.61). The 5-year cumulative incidence is 6.25% for the CSCR group and 3.24% for the comparison group. For age and gender specific analyses, male patients under 40 years of age have the highest HRR. The adjusted risk of CHD development is 2.66 times greater than that of the comparison group ( p=0.045). The underlying mechanism for the association of CHD and CSCR may be as follows. First, coagulation/coagulysis imbalance in CHD and CSCR may be pathogenic for both diseases. Abnormal fibrin deposition [15] [16] [17] and elevated serum level of PAI-1 [4] [5] [6] [7] were reported in patients with CHD. Systemic aspirin is a commonly used medication to prevent ischaemic heart attack. However, choroidal circulation abnormality is now considered one of the most possible contributing factors in CSCR. 1 18 19 Delayed choroidal arterial filling and venous congestion in indocyanine green angiography 1 and subretinal fibrin deposition in several patients with variant CSCR 20 suggest that coagulation abnormality might have an important pathogenic role in CSCR. Studies that have demonstrated that systemic aspirin is effective in treating CSCR further support the hypothesis. 21 22 Second, personality A-type, which is prevalent in patients with CHD and CSCR, may be a common predisposing factor for both diseases. The sympatho-adrenal system or other endocrine cascades such as increased serum cortisol level triggered by emotional stress [23] [24] [25] [26] [27] [28] may be pathogenic for both diseases.
Only male patients have increased risk of CHD because the male sex is a risk factor for CHD and male patients tend to have CHD onset at an earlier age compared with their female counterparts. 10 Male patients under 40 years of age have a higher risk compared with the age and sex controlled group. This result was observed because younger patients, age, hypertension, DM, hyperlipidaemia and other confounding factors of CHD are less prevalent and may be of less importance in CHD pathogenesis. Thus, CSCR may stand out as a more prominent risk factor. Moreover, the circulation abnormality underlying CSCR may be caused by premature atherosclerosis, which may induce premature CHD in those patients. The main values of this study are as follows. First, the study is based on a nationwide and population-based dataset, which covers over 98% of the population. Thus, selection bias in referral centres is removed. Second, this study is a cohort study with maximum longitudinal data of 10 years. Thus, this study is preferred to a cross-sectional study in monitoring CHD incidence in CSCR and comparison cohorts. Third, the level of urbanisation, monthly income, DM, hypertension and hyperlipidaemia were taken into account as compounding factors to adjust the CHD HRR in patients with CSCR. Thus, our results are more reliable.
However, inherent limitations in the study include the following. First, interpretation of imaging studies was not possible using the insurance-claim data source; thus, diagnosis was less accurate. To mitigate this problem, we only recruited cases diagnosed with CSCR codes on at least two visits during the study period to lessen the chance of misdiagnosis. However, restricting the recruited cases may also result in incomplete recruitment. Second, personal information known to contribute to CHD, such as body mass index and smoking habit, were not available from the administrative database, and this could have compromised our results. Nonetheless, we were able to archive the clinical information of smoking abstention in the CSCR and control groups. Among the patients with CSCR, 2.71% (21/774) had a clinical visit for smoking abstention, while the proportion for the non-CSCR cohort was 3.50% (137/3911). χ 2 test shows no significance between the proportions (p=0.266). Third, several patients with CSCR may not seek help if they have mild clinical symptoms and if the duration is short. However, this factor would be of little significance because patients in Taiwan can visit an ophthalmologist anytime without a referral from a general practitioner for a limited amount of money (between US$5 and 15).
In conclusion, this study demonstrates that patients with CSCR have an increased risk of CHD development. Patients with CSCR should be educated about this possibility. Changes in the patient's lifestyle may help prevent CHD development. A routine survey of electrocardiogram and other screening tests for CHD should be performed. 
